
Introduction
Chronic inflammatory bowel diseases are broadly classified into
Crohn’s disease (CD) and ulcerative colitis (UC). CD is charac-
terized by upper gastrointestinal lesions [1–4]. In addition, the
characteristic histological findings of CD have been reported to
include noncaseating epithelioid granulomas [5] and the pres-

ence of focally enhanced gastritis in the gastric mucosa without
Helicobacter pylori (HP) infection [6]. These characteristic endo-
scopic and histological findings of the upper gastrointestinal
mucosa in CD are useful in the differential diagnosis of CD of
the large intestine and UC [1–4]. However, the detection rate
for noncaseating epithelioid granuloma based on histological
examination of biopsy specimens collected during upper gas-
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ABSTRACT

Background and study aims Upper gastrointestinal

endoscopy and biopsy are useful for differential diagnosis

of Crohn’s disease (CD) of the large intestine and ulcerative

colitis (UC). We aimed to identify novel histopathological

and endoscopic findings in the upper gastrointestinal tract

in patients with CD who did not have Helicobacter pylori in-

fection.

Patients and methods Upper gastrointestinal endoscopy

was performed on patients with CD and UC. Mucosal lesions

detected were subsequently observed using magnifying

endoscopy with narrow-band imaging (M-NBI), following

which biopsy was performed. When no mucosal lesion was

detected on conventional endoscopy, M-NBI and biopsy

were performed on four sites: the gastric body, gastric an-

trum, duodenal bulb, and second portion of the duodenum.

Results The prevalences of gastric metaplasia (GM) were

48% (24/50) and 16% (8/50) in the CD and UC groups,

showing a significant difference (P=0.001). In 23 of 24 pa-

tients with histologically proven GM in the CD group, muco-

sal lesions were detected using conventional white-light

imaging (C-WLI). In 22 of 24 patients with histologically

proven GM in the CD group, disappearance of normal vil-

lous structure and the presence of curved marginal crypt

epithelium were noted using magnifying endoscopic find-

ings characteristic of GM (M-GM). A combination of C-WLI

and M-NBI yielded a significantly increased specificity (P=

0.004) and accuracy (P=0.039).

Conclusions The prevalence of GM in the duodenal muco-

sa was significantly higher in patients with CD than in con-

trols. The identified endoscopic findings may be useful as

novel indicators for the histological diagnosis of GM in the

duodenum.
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trointestinal endoscopy has been decreasing in recent years ac-
cording to our recent experience. In our experience of evaluat-
ing the histopathological findings of endoscopically biopsied
specimens from the gastroduodenal mucosa of patients with
CD, we have frequently detected gastric metaplasia (GM) in
the duodenum and intestinal metaplasia in the stomach. Fur-
ther, a previous study has reported that GM in the duodenum
is one of the characteristic histological findings of CD, distin-
guishing it from Behçet’s disease [7]. However, whether these
histologic findings can serve as markers for differentiating CD
from UC has not yet been investigated. Thus, it may be mean-
ingful to identify novel histological and endoscopic indicators
that could serve as useful novel markers for the differential di-
agnosis of CD and UC. We designed and conducted a study to
identify the characteristic histopathological findings in the up-
per gastrointestinal tract and the characteristic endoscopic
findings in the upper gastrointestinal mucosa in patients with
CD who do not have HP infection.

Patients and methods
In this retrospective study, we enrolled 50 consecutive patients
with CD who underwent upper gastrointestinal endoscopy with
a magnifying endoscope in the Department of Gastroenterolo-
gy, Fukuoka University Chikushi Hospital, between April 2018
and March 2020. Consecutive 50 Patients with UC during the
same period were included as controls.

Inclusion criteria

Inclusion criteria were as follows: 1. Use of upper gastrointesti-
nal endoscopy with a magnifying endoscope for diagnosing CD
or UC; 2. Absence of HP infection, defined as presence of endo-
scopic findings characteristic of an HP-uninfected stomach [8,
9], absence of a history of HP eradication, and negative results
on at least two diagnostic tests for HP infection (HP immuno-
globulin G antibody test, urea breath test, stool antigen test,
rapid urease test, culture of biopsy specimens, and microscopy
of biopsy specimens); 3. Eastern Cooperative Oncology Group
performance status score of 0 or 1 [10].

Exclusion criteria

Exclusion criteria were as follows: An indication of endoscopy
for diagnosing an upper gastrointestinal hemorrhage, post-
operative stomach or reconstruction of a gastric tube, presence
of a serious underlying disease, presence of concurrent psychia-
tric diseases or symptoms that would make participation in the
study difficult, participation deemed inappropriate by the prin-
cipal investigator or sub-investigators.

Endoscopic procedures and biopsy

A specialist in Gastrointestinal Endoscopy certified by the Japa-
nese Gastroenterological Endoscopy Society or an equally qua-
lified endoscopist with more than 10 years of experience in
endoscopy performed the procedures.

In this study, endoscopy was performed as follows. First,
conventional white-light imaging (C-WLI) was performed to
determine the presence or absence of mucosal lesions. When

C-WLI revealed mucosal lesions, M-NBI was performed, and tar-
get biopsies at the observation sites were performed. When no
mucosal lesion was detected, magnifying endoscopy with nar-
row-band imaging (M-NBI) and biopsy of the gastric body, gas-
tric antrum, duodenal bulb, and second portion of the duode-
num were randomly performed.

Histopathological assessment

Biopsy specimens were fixed in 20% formalin and embedded in
paraffin. Sections of the specimens were stained with hematox-
ylin and eosin (HE) and Alcian blue-periodic acid Schiff (AB-PAS)
stain. We examined histopathological characteristics in these
stained specimens.

Histopathological definition of gastric metaplasia in
the duodenum

Replacement of the absorptive epithelium of the small intestine
with the gastric crypt epithelium on HE staining was used to de-
fine GM. In addition, intense staining of the entire cells and red-
dish-purple staining of the mucosal epithelium replaced with
the gastric crypt epithelium on AB-PAS staining were per-
formed to confirm GM [11, 12]. Ectopic gastric mucosa asso-
ciated with proper gastric glands were not used to define GM
in this study.

Histopathological definition of intestinal metaplasia
in the stomach

Intestinal metaplasia was defined as the presence of goblet cells
in the gastric epithelium on HE staining, which were stained
blue with the AB-PAS stain.

Review of endoscopic findings

An independent endoscopist who was unaware of the patients’
histopathological findings reviewed the endoscopic findings (C-
WLI and M-NBI). In this study, endoscopic findings of C-WLI
were classified by color (red, normal, and pale) and morphology
(protruded, flat, depressed). As for the endoscopic M-NBI find-
ings, the anatomical findings visualized by M-NBI were ana-
lyzed.

Endpoints

The primary endpoint involved the characteristic histopatholo-
gical findings of the upper gastrointestinal tract in patients with
CD who did not have HP infection. The secondary endpoints in-
cluded the following: Prevalence of mucosal lesions and charac-
teristic endoscopic findings; prevalence of mucosal lesions ex-
hibiting GM; magnifying endoscopic findings characteristic of
gastric metaplasia (M-GM); diagnostic performances (sensitiv-
ity, specificity, and accuracy) of C-WLI and C-WLI +M-NBI in
the detection of GM; prevalence of GM in the duodenum ac-
cording to the presence or absence of a bamboo joint-like ap-
pearance and duodenal notch; and prevalence of histologically
proven GM and M-GM by the type of CD.
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Interobserver and intraobserver agreement

Endoscopic images taken by C-WLI and M-NBI of 50 patients
with CD and 50 patients with UC were obtained to test interob-
server agreement. The images were arranged in random order.
First, to determine interobserver agreement, two independent
endoscopists with 14 (K. I.) and 10 years (G. I.) of experience in
gastric endoscopy were asked to review all images and deter-
mine whether each image showed the presence or absence of
mucosal lesions (C-WLI) and M-GM (M-NBI) [13]. To determine
intraobserver agreement, the first endoscopist was asked to re-
view all the images 2 weeks later and to determine whether
each image showed the presence or absence of mucosal lesions
and M-GM [13].

Statistical analysis

Comparisons between the two groups were performed using
Fisher’s exact test, McNemar’s test, and Bonferroni correction,
while a comparison of mean values between the groups was
performed using an unpaired Student’s t-test. P <0.05 was con-
sidered to indicate statistical significance in all tests. Kappa val-
ues were calculated for interobserver and intraobserver agree-
ment. Agreement was classified as excellent for ≥0.8; good for
< 0.8 to ≥0.6; moderate for < 0.6 to ≥0.4; and fair for < 0.4. SPSS
version 21 J for Windows (SPSS, Chicago, Illinois, United States).

Ethical considerations

This study was conducted in accordance with the 1964 Decla-
ration of Helsinki and its subsequent amendments. Written
informed consent was obtained from each patient. Personal
information listed in the medical records or obtained through
questionnaire surveys, including data on informed consent,
was managed in a database such that individual data were
anonymized. This study was approved by the institutional

review board of Fukuoka University Chikushi Hospital (C20-
01-006).

Results
There were no significant differences in age, sex, or medical
history between the CD and UC groups (▶Table 1). In the CD
group, based on the Crohn's Disease Activity Index, the disease
activity level was assessed as inactive in 34 patients, active in
15, and severe in one; the distribution of the disease type was
as follows: the small and large intestines in 33 patients, small
intestine in eight, and large intestine in nine. In the UC group,
based on the Sutherland Index, the disease activity was asses-
sed as mild in 28 patients, moderate in 20, and severe in two;
the distribution of the disease type was as follows: the pancoli-
tis type in 37 patients, left colitis type in 10, and proctitis type
in three.

Primary endpoint

On histological examination of the biopsy specimens collected
from duodenal mucosae, GM was detected in 48% of patients
(24/50) in the CD group and 16% of patients (8/50) in the UC
group; a significant difference was observed (P=0.001) (▶Ta-
ble2). In addition, noncaseating granulomas in the duodenum
were detected only in 2% of patients (1/50) in the CD group.

On histological examination of the biopsy specimens collec-
ted from HP-negative gastric mucosae, intestinal metaplasia
was detected in 8% of patients (4/50) in the CD group and 6%
of those (3/50) in the UC group; the difference was not signifi-
cant (P=1.000) (▶Table3). Focally enhanced gastritis was de-
tected in 18% of patients (9/50) in the CD group but was not
detected in the UC group (▶Table3). In addition, noncaseating
granulomas in the stomach were detected only in one (2%) of
50 patients in the CD group (▶Table 3).

▶Table 1 Patient characteristics.

Crohn’s disease (n =50) Ulcerative colitis (n =50) P value

Age (years) (mean ± SD) 37.8 ±15.0 41.9 ±16.1 0.1891

Sex (male/female) 33/17 28/22 0.4122

Disease duration (month) (mean± SD) 144.3 ±135.4 98.9 ±112.2 0.0711

SD, standard deviation.
1 Student’s t-test
2 Fisher’s exact test

▶Table 2 Histological findings in the duodenal mucosa.

Crohn’s disease (n =50) Ulcerative colitis (n =50) P value

Gastric metaplasia 24 (48%) 8 (16%) 0.001

Noncaseating granuloma 1 (2%) 0 (0%) n.s.

No specific findings 25 (50%) 42 (84%) n.s.

n.s., not significant; Fisher’s exact test.
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Secondary endpoints

Examples of C-WLI, M-NBI, and corresponding histological find-
ings of the normal duodenal mucosa and the duodenal mucosa
with GM are shown in ▶Fig. 1 and ▶Fig. 2, respectively. When
the duodenal endoscopic findings on C-WLI were examined,
mucosal lesions were detected in 66% of patients (33/50) in
the CD group and 36% of those (18/50) in the UC group; a sig-
nificant difference was observed (P<0.001) (▶Table 4). Based

on the endoscopic findings on C-WLI, the most commonly ob-
served lesion color was red, and the most commonly detected
morphological types were the flat and depressed types (▶Ta-
ble4). In addition, the presence of GM was histologically con-
firmed in 72.2% of the biopsy specimens collected from the
flat and depressed lesions.

▶Table 3 Histological findings in gastric mucosa.

Crohn’s disease (n =50) Ulcerative colitis (n =50) P value

Intestinal metaplasia  4 (8%)  3 (6%) n.s.

Focally enhanced gastritis  9 (18%)  0 (0%) < 0.001

Noncaseating granuloma  1 (2%)  0 (0%) n.s.

No specific findings 36 (72%) 47 (94%) n.s.

n.s., not significant; Fisher’s exact test.

▶ Fig. 1 Endoscopic and histopathological findings of a normal duodenum. a Duodenal bulb: normal mucosa. b Magnifying endoscopy with
narrow-band imaging at the same site. The normal villous structure is preserved. c Histopathological findings of the same site. Alcian blue-
periodic acid Schiff staining showing normal duodenal mucosa.

▶ Fig. 2 Endoscopic and histopathological findings of the duodenum with mucosal lesions. a Conventional white-light imaging. Red flat lesions
are observed in the duodenal bulb (arrow). b Magnifying endoscopy with narrow-band imaging at the same site. The villous structure is dis-
appeared, and the marginal crypt epithelium appears curved shape. c Histopathological findings of the same site. Alcian blue-periodic acid
Schiff staining; the mucosal epithelium replaced with the gastric crypt epithelium is stained reddish-purple.
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We found no significant difference in the frequency of GM
between patients with and without a bamboo joint-like appear-
ance or duodenal notch on C-WLI (▶Table 5).

Duodenal mucosal lesions were endoscopically identified in
23 of 24 patients with histologically proven GM in the duode-
num. The prevalence rates of GM were significantly different
between the patients with and without mucosal lesions
(P <0.001) (▶Table 6). When the presence of mucosal lesions
on C-WLI was used as an indicator of CD, C-WLI had a sensitivity
of 95.8%, a specificity of 61.5%, and an accuracy of 78.0% for
diagnosing GM (▶Table6).

A detailed review of M-NBI findings revealed that the charac-
teristic features of GM were the disappearance of normal villous
structure in the duodenal mucosa and the presence of curve-
shaped marginal crypt epithelium (MCE) at the site of the dis-
appearance of the normal villous structure. These two features
were termed magnifying endoscopic findings characteristic of
gastric metaplasia (M-GM). In 22 of 24 patients with histologi-
cally proven GM in the duodenum, M-NBI showed findings char-
acteristic of M-GM. The prevalence of GM was significantly
higher in patients with M-GM findings than in those without
them (P<0.001) (▶Table7). The following types of GM were

noted: 26% (13/50), small- and large-intestine type, 10% (5/50)
were small-intestine type; and 12% (6/50), large-intestine type
(▶Table8). Meanwhile, the following types of M-GM were
observed: 24% (12/50), small- and large-intestine type; 10%
(5/50), small-intestine type; and 12% (6/50), large-intestine
type (▶Table9).

When the presence of M-GM findings on M-NBI was used as
an indicator of CD, M-NBI had a sensitivity of 91.6%, a specifici-
ty of 96.2%, and an accuracy of 94.0% for diagnosing GM (▶Ta-
ble10). When M-NBI was performed in combination with C-WLI,
significant increases were observed in the specificity and accu-
racy. M-NBI was found to have an additive effect. (▶Table11).

The diagnostic concordance rate between the two endos-
copists for the presence of mucosal lesions on C-WLI was 83/
100 (83%), with a kappa coefficient of 0.68 (moderate). The di-
agnostic concordance rate between the two endoscopists for
the presence of M-GM on M-NBI was 94/100 (94%), with a kap-
pa coefficient of 0.84 (excellent). The intra-observer concor-
dance rate of G. I . for the presence of mucosal lesions on C-
WLI for CD and UC was 93/100 (93%), with a kappa coefficient
of 0.86 (excellent). The intraobserver concordance rate of G.I.

▶Table 5 Prevalence of gastric metaplasia in the duodenum according to presence or absence of a bamboo joint-like appearance (n =50).

Gastric metaplasia P value

Positive Negative

Bamboo-joint-like appearance Positive (n =25) 11 (22%) 14 (28%) n.s.

Negative (n =25) 13 (26%) 12 (24%)

n.s., not significant; Fisher’s exact test.

▶Table 4 Conventional endoscopic findings in the duodenal mucosa.

Crohn's disease (n=50) Ulcerative colitis (n=50) P value

With mucosal lesions 33 With mucosal lesions 18 <0.001

Duodenum 1st part Duodenum 2nd part Duodenum 1st part Duodenum 2nd part

Red, flat/depressed No findings 11 Red, flat/depressed No findings  9

Red, flat/depressed Red, flat/depressed  7 Red, flat/depressed Red, flat/depressed  3

Red, protruding Normal, depressed  1 Red, flat/depressed White granular  1

Red, protruding No findings  1 Normal, protruding No findings  2

Normal, protruding No findings  5 Rough mucosa Rough mucosa  1

Normal, protruding Red, flat/depressed  1 No findings Red, flat/depressed  1

Pale, depressed No findings  1 No findings Normal, depressed  1

Beaded mucosa Normal, depressed  1

No findings Red, flat/depressed  3

No findings Normal, depressed  2

Without mucosal lesions 17 Without mucosal lesions 32

Fisher’s exact test.
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for the presence of M-GM on M-NBI for CD was 49/50 (98%),
with a kappa coefficient of 0.96 (excellent).

Discussion
In this study, the prevalence of GM of the duodenal mucosa was
significantly higher in patients with CD who did not have HP in-
fection than in control patients with UC. In this study, we histo-
logically examined biopsy specimens collected from the gastric
and duodenal mucosae of patients with CD who did not have HP
infection and revealed that GM was often detected in the duo-
denum of patients with CD.

Metaplasia is a condition in which persistent mucous mem-
brane disorders, such as chronic inflammation, induce the dif-
ferentiation of already differentiated tissues into those with dif-
ferent properties. HP infection is generally reported to be a fac-
tor that causes GM of the duodenal mucosa [14]. To the best
our knowledge, to date, no study has identified the presence
of GM in the duodenal mucosa of patients with chronic inflam-
matory bowel diseases, including CD, based on histological
findings. For the first time, this study revealed that GM occurs
commonly in the duodenal mucosa of patients with CD who do
not have HP infection, suggesting that the occurrence of GM in
the duodenum may be a novel specific histopathological mark-
er of CD. When our patients’ endoscopic findings were exam-

▶Table 6 Prevalence of gastric metaplasia in the duodenum according to presence or absence of a duodenal notch (n = 50)

Gastric metaplasia P value

Positive Negative

Duodenal notch Positive (n =6)  3 (6%)  3 (6%) n.s.

Negative (n =44) 21 (42%) 23 (46%)

n.s., not significant; Fisher’s exact test.

▶Table 7 Prevalence of gastric metaplasia in the duodenum of patients with Crohn’s disease according to presence or absence of mucosal lesions
detected by conventional white-light imaging.

Gastric metaplasia P value

Positive Negative

Mucosal lesion Positive (n =33) 23 (46%) 10 (20%) < 0.001

Negative (n =17)  1 (2%) 16 (32%)

Fisher’s exact test.

▶Table 8 Prevalence of gastric metaplasia in the duodenum of patients with Crohn’s disease according to presence or absence of magnifying endo-
scopic findings characteristic of gastric metaplasia on magnifying endoscopy with narrow-band imaging (n =50).

Gastric metaplasia P value

Positive Negative

M-GM Positive (n =23) 22 (44%)  1 (2%) < 0.001

Negative (n =27)  2 (4%) 25 (50%)

M-GM, magnifying endoscopic finding characteristic of gastric metaplasia; Fisher’s exact test.

▶Table 9 Prevalence of gastric metaplasia by type of Crohn’s disease (n =50)

Gastric metaplasia P value

Positive Negative

Small and large intestine 13 (26%) 20 (40%) n.s.

Small intestine  5 (10%)  3 (6%)

Large intestine  6 (12%)  3 (6%)

n.s., not significant; Fisher’s exact test.
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ined, the prevalence of mucosal lesions was significantly higher
in the CD group than in the UC group (P<0.001). As a bamboo-
joint-like appearance and duodenal notch have been reported
to be characteristic C-WLI findings of CD [1–4], we also investi-
gated their relationships with the presence of GM. However,
there was no correlation between the presence of a bamboo-
joint-like appearance or duodenal notch and GM in the duode-
num.

Next, the morphology of the lesions was examined on endo-
scopic images. In general, many endoscopic images of GM
show protrusion [15].

In this study, GM was detected in 72.2% of the biopsy speci-
mens collected from flat and depressed lesions. One of the rea-
sons for this is that although GM owing to HP infection is an in-
flammatory condition that predominantly affects the mucosal
epithelium in the superficial layer, CD is characterized by pat-
chy transmural inflammation. When the inflammation affects
the superficial layer, lesions may appear as focal flat lesions
[5]. We also examined M-NBI findings and found that mucosa
with histologically proven GM was characterized based on the
findings of villous structure loss and the presence of arc-like
structures in the MCE (M-GM). These microscopic focal M-GM
findings may reflect noncontinuous patchy lesions of chronic
inflammation in the mucosa that are caused by CD.

When M-NBI was performed together with C-WLI, significant
increases were observed in specificity and accuracy. M-NBI was
found to have an additive effect on C-WLI, and M-NBI showed a
high diagnostic performance in terms of sensitivity, specificity,
and accuracy. The use of M-NBI could have enabled the accu-
rate and efficient diagnosis of GM in the duodenal mucosa.
When we closely reexamined the histological findings of two
patients with false-negative results on M-NBI, the area of GM
in the biopsied tissues was very small. Therefore, we considered
that M-GM findings could have been undetectable on magni-

fied endoscopy. Furthermore, we closely reexamined the M-
NBI findings of patients with false-positive results and con-
firmed that the M-GM findings were certainly detectable. In
other words, we assumed that the false-positive results were
attributable to a sampling error because biopsy specimens
were not accurately collected from the observation sites.

The interobserver concordance rate was calculated. The di-
agnostic concordance rate for mucosal lesions on C-WLI was
83.0% (kappa coefficient 0.68 [moderate]), whereas the diag-
nostic concordance rate for M-GM on M-NBI for CD was 94.0%
(kappa coefficient 0.84 [excellent]). Accordingly, when muco-
sal lesions are detected on C-WLI, the presence of M-GM, con-
firmed by M-NBI, could be more reliable marker than that by C-
WLI for characterizing the detected lesion.

Based on the current study results, we propose a provisional
strategy for the histological diagnosis of GM in the duodenum
of Patients with CD who do not have HP infection (▶Fig. 3). If
the detection of mucosal lesions in the duodenum using C-WLI
is followed by the detection of M-GM findings using M-NBI in
the same sites, a combination of C-WLI and M-NBI can be re-
garded as optical biopsy, in which GM is diagnosed based on
endoscopic findings alone with a high diagnostic performance.
When M-NBI reveals a lack of M-GM findings, target biopsy of
the mucosal lesions detected using C-WLI should be performed
because the incidence of GM is higher in sites with mucosal le-
sions than in those without mucosal lesions. In the absence of
mucosal lesions, random biopsy should be performed. The use-
fulness of this provisional strategy needs to be verified in a fu-
ture prospective study. The histological findings of the pres-
ence of GM and the characteristic endoscopic findings of GM
in the duodenum of HP-uninfected CD patient has not been de-
scribed in previously published papers.

In the histopathological examination of biopsy specimens
collected from the gastrointestinal mucosa (the stomach, duo-

▶Table 10 Prevalence of M-GM by type of Crohn's disease (n =50).

M-GM P value

Positive Negative

Small and large intestine 12 (24%) 21 (42%) n.s.

Small intestine  5 (10%)  3 (6%)

Large intestine  6 (12%)  3 (6%)

M-GM, magnifying endoscopic finding characteristic for gastric metaplasia; n.s., not significant; Fisher’s exact test

▶Table 11 Diagnostic performance of endoscopy in the diagnosis of gastric metaplasia in the duodenum of patients with Crohn’s disease.

C-WLI (95% CI) C-WLI +M-NBI (95% CI) P value

Sensitivity 95.8 (90.1–99.9) 91.6 (83.5–99.1) n.s.

Specificity 61.5 (50.0–76.4) 96.2 (90.9–99.9) 0.004

Accuracy 78.0 (66.5–89.5) 94.0 (93.6–94.4) 0.039

C-WLI, conventional endoscopy with white-light imaging; M-NBI, magnifying endoscopy with narrow-band imaging; n.s., not significant; McNemar’s test.
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denum, small intestine, and large intestine) of patients with CD
during endoscopy, the presence of a noncaseating epithelioid
granuloma is a characteristic finding. The detection rate of
this finding by biopsy has been reported to range from approxi-
mately 26% to 67% [16, 17]. However, we recently observed a
decline in the detection rate of noncaseating epithelioid granu-
lomas. In fact, as demonstrated in this study, the prevalence
rate of noncaseating epithelioid granulomas was only 2% and
2% in the stomach and duodenum, respectively.

In this study, we also performed histological and endoscopic
examinations of patients’ gastric mucosa. Intestinal metaplasia
was detected in HP-uninfected gastric mucosae; however, its
prevalence did not differ significantly between patients with
CD and UC (▶Table 3). Although intestinal metaplasia is asso-
ciated with HP infection [18, 19], to our knowledge, this study
is the first to demonstrate that intestinal metaplasia occurs
even in HP-uninfected gastric mucosae. Half of the gastric mu-
cosal lesions exhibiting intestinal metaplasia appeared as red,
patchy, shallow depressed lesions on C-WLI and were charac-
terized by light blue crests on M-NBI. Furthermore, focally en-
hanced gastritis was histopathologically detected only in pa-
tients with CD. When the endoscopic findings of the sites show-
ing histologically proven focally enhanced gastritis were re-
viewed, no characteristic endoscopic findings were identified.

At our hospital, upper gastrointestinal endoscopy, including
that used for screening malignant tumors, is always performed
with an endoscopic system using NBI and an optical magnifying
endoscope [20]. Furthermore, after informed consent is ob-
tained from patients with chronic inflammatory bowel disease,
upper gastrointestinal endoscopy is performed according to
the procedure used in this study. These clinical background
characteristics allowed for the conduct of this retrospective
study.

One of the limitations is that healthy controls were not in-
cluded to our study. In addition, owing to the retrospective na-
ture of this study, our results need to be verified in a future mul-
ticenter prospective study including healthy subjects.

Conclusion
In conclusion, histologically proven GM of the duodenal muco-
sa was observed more commonly in patients with CD who did
not have HP infection than in patients with UC. The identified
endoscopic findings may be useful as novel indicators for the
histological diagnosis of GM in the duodenum.
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